Abstract. An analysis has been made of the variability of temperature and precipitation at stations at Szczecin, Świnoujście, Resko and Kołobrzeg, as well as a study of river flows in the Ina and Rega Rivers in Goleniów, Resko and Trzebiatów, for the years 1955-2014. Data was provided by IMGW-PIB. Correlation and regression methods have been used in this work. Studies have shown that the average annual, spring and summer air temperature on Szczecin Seashore is rising. Precipitation totals remain basically unchanged. They grow a little in July in Świnoujście and in March in Szczecin. No significant changes in river flows occurred in the course of the examined sixty-year period. Flows in the Ina River rose slightly in February and they diminished in the Rega River in October in Resko and in May in Trzebiatów. Long-term variability of river flows is more strongly affected by the variability of precipitation totals than by the variability of air temperature. The variability of flows correlates most strongly with the variability of precipitation totals in March, April and November, while the influence of the preceding month's precipitation on river flows is evident in all the year.
Introduction
Estimated simulations of climate changes provide for temperature rises in Poland by 2°C in the summer and by 6°C in the winter. Annual precipitation totals will most likely grow up to 20% (Kędziora 2010) . Over the years 1951-2006 the greatest thermal changes concerned minimum daily temperature. In north-western Poland these amounted to 0.28°C/10 years, constituting the most substantial change in all of Poland (Kejna et al. 2009 ). Since the mid-20th century a decreasing trend has been observed in the summer-to-winter precipitation ratio in Poland, while an intensification in liquid precipitation (caused by a drop in the number of days with negative air temperature, particularly in north-western Poland) contributes to only a slight growth in underground water resources, including soil storage (retention). This has resulted from more intensive evaporation, as well as warmer winters and greater direct (surface) runoff (Kędziora 2010) . The changes pose a risk of diminishing water resources and resultant threats to agriculture, forestry and municipal economies, and subsequently also to industry. On the other hand, scientists also propagate the view that although climatic changes will exert a negative influence in southern Europe, they will simultaneously have a positive effect in northern, and particularly north-western Europe (Olesen and Bindi 2002) . Therefore, it is crucial that a relationship be established between the climate changes and changes in river basin water resources, which in this paper were estimated on the grounds of river flow volumes.
Similarly to the entire northern hemisphere, climate warming occurred on Szczecin Seashore, manifesting itself through a shortened period of negative air temperatures and an increase in monthly average temperatures (February-May, July and August) and annual air temperatures. At the same time the sum of annual precipitation totals in Szczecin rose, which was due to a significant increase in precipitation totals in March (Kirschenstein 2013; Świątek 2013) . Significant air temperature spikes in Poland are not generally accompanied by an increment in seasonal and annual precipitation totals (Przybylak 2011) , and this could cause water deficits in ecosystems.
Recently, a study into the impact of climate change (precipitation and temperature patterns) on flows in Poland was conducted by Piniewski et al. (2016 Piniewski et al. ( , 2017a Osuch et al. (2016 Osuch et al. ( , 2017 , Meresa et al. (2016) and Romanowicz et al. (2016) . Most of these studies mainly focused on the prediction of frequency and severity of droughts and floods.
Of course, in addition to climate change, land use changes and water management works have a great influence on river flows in the research area. These factors mainly affect the rate of outflow and, indirectly, the total volume of drainage. This is especially true for short periods of time. Some studies have tried to distinguish human-induced changes from those caused by natural forcing (Romanowicz and Osuch 2011; Piniewski et al. 2016) and their studies have shown that making such a distinction is difficult.
The objective of the paper is to analyse the changes the climate elements which have a crucial impact on the runoff volume from the selected river basins of Szczecin Seashore. Those elements include air temperature (which determines evaporation from the surface of the researched area) and precipitation totals. Analysis of the concomitance of long-term changes in climatic and hydrological elements is a major factors in determining natural environmental conditions and improving agricultural efficiency.
Materials and methods
The data used in the paper relates to the period between the years of 1955 and 2014 and were provided by the Institute of Meteorology and Water Management -National Research Institute (Instytut Meteorologii i Gospodarki Wodnej -Państwowy Instytut Badawczy IMGW-PIB). The paper features air temperatures and precipitation totals measured at the following stations: Szczecin, Świnoujście, Resko and Kołobrzeg (Fig. 1) . The analysis of water resource variability on Szczecin Seashore was conducted on the basis of river flows in the Ina and Rega Rivers in Goleniów, Resko and Trzebiatów. Goleniów is located in the lower course of the Ina, while Resko lies in the middle course of the Rega and Trzebiatów (Fig. 1 ) near its mouth, but sufficiently far from Mrzeżyno (where the Rega flows into the sea) for any river backwater to occur only sporadically.
When preparing the source materials for analysis, average daily air temperature values and precipitation totals characterising Szczecin Seashore were determined on the basis of the data from individual stations. Following that, average monthly and annual air temperatures, monthly and annual precipitation totals, and average monthly and annual river flows were determined. Linear regression was used to determine temporal trends of average monthly air temperatures, monthly precipitation totals in individual months and in a year, and monthly and annual trends of river flow values. Multiannual changes have been presented per 10 years. Then Pearson correlation coefficients were calculated for a given month's precipitation and temperature on the one hand, and river flows in the subsequent month on the other (e.g. temperature and precipitation in March and streamflows in April). Moreover, the statistical significance of the determined correlations was defined at the level of p≤0.05 using the Fisher-Snedecor test.
Climatological and hydrological description of the analysed river basins
In both analysed river basins, average annual precipitation totals exceed average Polish precipitation sums. In the upper part of the Rega River basin average annual precipitation totals 668 mm (Łabędzie station, 1961 (Łabędzie station, -2000 (Łabędzie station, , Kaniecki et al. 2004 and 681 mm in the estuarial part (Trzebiatów station, 1961 -2000 , Kaniecki et al. 2007 ). The highest annual precipitation totals in the Rega River basin were observed in the region of Łobez, at 712 mm (Wiewecko station, 1961 -2000 , Graf and Puk 2006 . In the Ina River basin precipitation is lower, ranging from 543 mm in Przelewice (1971 -2000 , Kostecki 2003 on the flatland to 681 mm in the hilly terrain of the Ińsko Lake District, where the river has its source (Ińsko station, 1961 -2000 , Graf 2004 ). Both of these river basins typically have low seasonal variability. Precipitation totals for the warm half of the year exceed the precipitation sums of the cool half of the year by a mere dozen-or-so per cent (Kostecki 2003; Graf 2004; Kaniecki et al. 2007 ). Both of the river basins have significant water-retaining capacities, which results from their large numbers of lakes and forests. Furthermore, within the Rega River basin there are numerous wetlands -the upper and middle course of the river runs through a water surplus zone (Kaniecki et al. 2004) , while in the middle and upper part of the Ina River basin the majority of wetlands have been ameliorated. Significant water retentiveness, along with low precipitation variability, means that both of the rivers have a low flow irregularity indicator. There is typically a substantial proportion of groundwater runoff in relation to total runoff. The groundwater runoff is similar to the direct runoff volume (Graf 2003a; Kaniecki et al. 2004) or exceeds it; in the lower and middle part of the Rega River basin it amounts to 60-70% of the total runoff volume (Kaniecki et al. 2004) . High precipitation totals relative to the low-lying part of Poland translate into large values of specific discharge from a basin. In the Rega River basin the value is 8.03 dm 
Results
The conducted analysis demonstrated a statistically significant increase (at a level of significance of p≤0.05) of average annual air temperature values in all the researched locations ( Table 1 ). The changes observed were relatively substantial -time trend coefficients (linear regression) ranged from 0.24°C/10 years in Świnoujście to 0.29°C/10 years in Szczecin and Kołobrzeg. The changes in yearly precipitation totals were not as significant. Long-term changes in precipitation totals and air temperature in particular months are shown in Table 1 .
No significant changes in river flows occurred in the course of the examined sixty-year period. Flows in the Ina River (at Goleniów station) rose slightly in February and they slightly diminished in the Rega River in Resko station in October and in Trzebiatów station in May (Table 2 ). The increase in Ina River flow in February may be associated with increased snow cover instability and thaw in winter, which is caused by an increase in winter air temperature (Koźmiński et al. 2012) .
In (Fig. 2a) . This phenomenon was not observed in Rega (Fig. 2b) , which may be indicative of local (primarily anthropogenic) conditions influencing the flow variability in Ina.
The next stage of analysis involved a comparison of changes in river flow volumes in relation to averaged climatic changes using the Pearson correlation coefficient (on the basis of the data obtained from the Szczecin, Świnoujście, Resko and Kołobrzeg stations) for Szczecin Seashore. The correlation coefficients of average monthly and annual temperature values -as well as monthly and annual precipitation totals -to river flow volumes are presented in Table 3 .
The relations between the flows and average annual air temperatures were found to be statistically insignificant, while the correlation coefficients of flows with average annual precipitation totals were proven to be significant (at the level of p≤0.05). The correlation coefficient of flows in the Ina River in Goleniów with averaged precipitation sums on Szczecin Seashore was 0.488. For the Rega River the correlations were stronger -in the case of flows in Trzebiatów (lower course of the river) the coefficient amounted to 0.633, and 0.615 in Resko (middle course of the river).
The co-occurrence of changes in precipitation totals and river flows throughout the year (including in winter) as expressed by the relatively high and seasonally stable correlation coefficients, is associated with the thickness and instability of the snow cover in the described area being extremely low in comparison with the rest of Poland.
Correlation analysis was also employed in order to analyse the impact of the precipitation totals and temperatures of a preceding month on river flow volumes. The results are presented in Table 4 . These results were similar to those obtained for the data of the same months (i.e. those without a onemonth shift).
Discussion
The greater influence of changes in atmospheric precipitations than of warming is manifested both in observations and model projections in many areas, among others in Central and Eastern Europe (Piniewski et al. 2017c) . It is believed that the growing trends of precipitation sums in many parts of Europe are influenced by the increase of the number of short episodes of extremely intensive precipitation with a simultaneous rise in the frequency of precipitation-free periods (Karl et al. 1999; Kjellström 2004) .
Research conducted for six selected catchments in Poland (Osuch et al. 2017 ) projected a decrease in frequency and intensity of low-flow events and Table 2 . Long-term changes (linear trend) in average monthly and annual river flows in the Ina River in Goleniów (1955 Goleniów ( -2014 , in the Reda River in Resko (1957 -2014 ) and in Trzebiatów (1955 -2014 Statistically significant (p≤0.05) trends are marked in bold, a p=0.0502
Statistically significant (p≤0.05) trends are marked in bold increases in flood indices . Projections of changes in extreme inflows in the Vistula and the Odra (Piniewski et al. 2016) show that streamflow droughts are expected to be less severe and high river flows and floods are predicted be on the rise. Additionally, greater higher changes are anticipated to be typical for lowland catchments than mountainous ones . Kożuchowski and Degirmendžić (2005) or Wibig (2012) , inter alia, have determined no significant changes in the constituents of water balance in Poland, apart from a change in evaporation values. This does not, however, mean that the situation may not be different in the future. Wibig (2012) points to certain statistically insignificant tendencies towards growing humidity deficits in the summer in Poland. In turn, Vincente-Serrano et al. (2010) demonstrate strong relationships between current global climate changes and a decrease in the value of the Standardized Precipitation Evaporation Index (SPEI). At the same time, there is a risk that the direct runoff proportion will grow in the total runoff Table 3 . Correlation coefficients of average monthly and annual river flows in the Ina River in Goleniów (1955 Goleniów ( -2014 the Rega River in Resko (1957 Resko ( -2014 and the Rega River in Trzebiatów (1955 Trzebiatów ( -2014 with average monthly and annual temperature values as well as monthly and annual precipitation totals on Szczecin Seashore. Table 4 . Correlation coefficients of average monthly river flows in the Ina River in Goleniów (1955 Goleniów ( -2014 , in the Rega River in Resko (1957 Resko ( -2014 (1991) , among others. The changes in flow volumes caused by climate changes are compounded by the acceleration of water circulation in river basins, which is an effect of anthropogenic activities. In the analysed terrain those changes were significant during the researched period, particularly in the Ina River basin. An increasing density of drainage ditches on wetland terrains and within the expansive, flat valley of the Ina River (Graf 2003 (Graf , 2004 caused direct runoff to intensify at the expense of groundwater runoff. The use of drainage ditches to include small lakes and wetland terrains into the drainage system of both the Ina (Graf 2004) , and the Rega (Kaniecki et al. 2004; Ziętkowiak 2007) has accelerated direct runoff, while simultaneously decreasing both water infiltration into the substrate (due to diminished volume of groundwater runoff) and evaporation from the terrains that used to be without drainage. River bed regulation and the construction of embankments in the lower section of the Ina River and its tributary, the Ina Mała (Small Ina) contributed to the acceleration of water runoff. These embankments were built under the Programme of Rural Areas Development for 2007-2013 (http://zzmiuw.pl/ realizacja-inwestycji) , that is, at the end of the period researched in the paper. In turn, in the Rega River basin runoff was accelerated by dredging and straightening of small water courses both in the upper (Kaniecki et al. 2004 ) and lower (Kaniecki et al. 2007 ) part of the basin, practically transforming those water courses into drainage ditches. Furthermore, there are now fewer forested areas in the upper part of the river basin (Kaniecki et al. 2004) , which, similarly to drainage of wetlands, has contributed to diminished water retentiveness in the river basin and consequently accelerated direct runoff. Less surface retention and faster runoff reduce evaporation from the basin and thus increase the value of runoff volume, thus reducing the effect of increases in air temperature.
Changes in the drainage basin management, such as water melioration and urbanisation are contributing to the reduction of the effects of climate warming on river flows (Viger et al. 2011 ). So it is likely that, without the anthropogenic transformation of the river basin, streamflows in the surveyed catchments would have been slightly reduced due to evaporation. At the same time it should be noted that an overall tendency of increase in mean seasonal and even annual flows were conducted in several Polish catchments, both in medium-small ones (Piniewski et al. 2017a ) and in the greatest onesthe Odra and Vistula river basins (Piniewski et al. 2017b) . A reduction in flow decreases also results in lower evapotranspiration of plants under certain climatic conditions, due to the more efficient management of water by plants in conditions of higher atmospheric carbon dioxide concentrations (Kundzewicz and Kowalczak 2008) .
In studying the flow regime in the Upper Narew River before and after construction of a storage reservoir Siemianówka Romanowicz and Osuch (2011) found that a single approach to analysing changes caused by water management and land use under climatic variability is not sufficient for all the changes taking place in the catchment. Instead, a range of different approaches should be used.
Conclusions
The conducted research demonstrated that the average annual air temperature on Szczecin Seashore is rising. So too is the temperature in spring and summer. Precipitation totals remain basically unchanged. They have grown a little in July in Świnou-jście and in March in Szczecin. River flow volume basically stays the same. In the Ina River it slightly intensifies in February, while in the Rega River it diminishes in October (in Resko) and in May (in Trzebiatów).
The long-term variability (from year to year) of river flows is more strongly affected by the variability of precipitation totals than by the variability of air temperature. In the winter, the increase in air temperature (due to less frequent negative temperatures and frequent mid-winter thaws) has resulted in the intensification of river flows. This arises from increasingly scarcer and only short-lasting snow cover on Szczecin Seashore, i.e. from the decreased nival storage and poorer ground frost penetration, which both enable river alimentation in winter. The variability of flows correlates most strongly with the variability of precipitation totals in March, April and November, while the influence of the preceding month's precipitation on river flows is evident during the whole year at a relatively steady level. The fact that trends of long-term changes in river flows (and thus in water resources) are more strongly affected by changes in precipitation totals than by changes in air temperatures in the studied river basins on Szczecin Seashore is a positive finding from the point of view of the agricultural economy (and other economies) and the natural environment. Therefore, as the climate on the Seashore is evidently getting warmer, the strong impact of these changes on river flow changes could thus result in the diminishing of water resources in individual river basins. If the rise in evaporation had not been not compensated with sufficiently intensive precipitation, a serious problem would have occurred. Fortunately, precipitation totals on the Seashore are slightly rising, although they are not statistically significant increases.
